Abstract Triploid African catfish (Clarias gariepinus) produced through cold shock 3 min post fertilization were compared to diploid offspring of the same parentage at 66 days of age. Triploid fish were significantly shorter (11%) and weighed less (18%) than diploids but showed no significant difference in mortality or cannibalism, which can be an important source of losses under aquaculture conditions. Erythrocytes of triploid fish were more oval shaped than the normal spherical shape of diploid erythrocytes, were significantly larger (38%) and had nuclei that were significantly larger (25%) than observed in diploid fish. Erythrocyte morphological characteristics show potential as an indicator for the detection of triploidy in African catfish.
organisms that are more tolerant of environmental stressors and less likely to succumb to disease, while maximizing flesh quality and quantity. Producing triploid fish may contribute to this goal, but general conclusions have been hampered by high variation in the performance of closely related species (Tiwary et al. 2004) and even between different individuals of the same species (Maxime 2008) .
Triploid fish are produced naturally as a result of problems in egg-ripening mechanisms along with the failure of extrusion of the second polar body of the fertilized egg (Thorgaard and Gall 1979b; Flajšhans et al. 1993) . Moreover, it has been found that high rates of triploidy can be obtained by temperature treatments (e.g., Varadaraj and Pandian 1988; da Silva et al. 2007 ), pressure shocks (e.g., Streisinger et al. 1981; Gillet et al. 2001) or chemical treatments (e.g., Stanley et al. 1981; Utting and Child 1994) . One of the main objectives of inducing triploidy in fish is to produce sterile fish that are compatible with commercial farming and fisheries management objectives (Peruzzi et al. 2005 ). Triploidization will greatly reduce the risks due to breeding of cultured fish with wild stocks (Le Curieux-Belfond et al. 2009 ). In addition, avoiding sexual maturity also avoids an associated increase in mortality, lower growth rate and inferior flesh quality (Donaldson and Devlin 1996) and achieves a higher food conversion ratio (Purdom 1972) . Triploid males display secondary sexual characteristics and testes grow close to normal size, but triploid females do not encounter ovarian growth and do not show secondary sexual characteristics as early as diploids do (Benfey 1999) . Increased growth performance has been observed in some species like Heteropneustes fossilis (Tiwary et al. 1997) and Ictalurus punctatus (Wolters et al. 1982) . However, Mol et al. (1994) showed no significant difference between the growth rates of diploid and triploid blue tilapia (Oreochromis aureus) and an overall reduction in growth rate of the triploid population due to a higher ratio of females, which have a lower growth rate than males. Furthermore, effects of triploidy can vary with environmental conditions, sex and growth period. For example, enhanced length and weight gain were observed in triploid Salmo salar compared to that of diploid siblings when reared in indoor seawater tanks (Oppedal et al. 2003) , whereas slightly lower growth rate was observed when females were reared in saltwater net-pens (Galbreath and Thorgaard 1995) .
African catfish (Clarias gariepinus) is one of the most important tropical cultured fish due to high growth rate, high stocking-density capacities, high consumer acceptability and high resistance to poor water quality and oxygen depletion (Appelbaum and Kamler 2000; Akinwole and Faturoti 2007; Adewolu et al. 2008) .
Cannibalism, or intraspecific predation, is a common behavior in a wide range of organisms including African catfish (Elgar and Crespi 1992) . Many factors affect cannibalism including sex (Johnson 2001) , life history stage, physiological condition, ecological and social conditions (Nishimura and Isoda 2004) , genetic factors (Baur 1994 ) and environmental parameters like food limitation and stressors (Britz and Hecht 1987; Samu et al. 1999) . Cannibalism in C. gariepinus starts at a mean length of 8 mm (around three and half days after the start of feeding) and continues until fish measure approximately 80 mm (47 days after active feeding (Hecht and Appelbaum 1988) ). Henken et al. (1987) compared growth between days 163 and 216 of their life in diploid versus triploid C. gariepinus, but growth performance in early life and impacts on cannibalistic behavior have not been studied.
In this study, we compared early life growth, survival and cannibalism in triploid versus diploid C. gariepinus. In addition, we examined erythrocyte sizes and characteristics, which is the most applied method for detecting polyploidy in fish (Espinosa et al. 2005; Maxime 2008 ). Cellular sizes of erythrocytes in triploids are increased due to increase in the amount of nuclear DNA (Small and Benfey 1987) .
Materials and methods
Eggs and milt were obtained from broodstock injected 12 h previously with Ovaprim Ò (0.5 ml/kg body weight for females; 0.25 ml/kg for males). To minimize the variation due to parentage (Benfey 1999; Oppedal et al. 2003) , fertilized eggs were mixed thoroughly before being divided into two groups, one of which was given a cold shock treatment at 5°C for 40 min starting 3 min after fertilization (Richter et al. 1986 ). Each group of eggs was incubated in circular fiberglass tanks filled with 200-l water at 28°C, pH = 8.5 until hatch 24-30 h later. Chromosomal preparations of one day-old larvae were examined for triploidy based on the methods of Baksi and Means (1988) with the following modifications. Larvae were incubated in 0.05% colchicine (Sigma-Aldrich) for 3 h then in distilled water for 30 min followed by fixation with a 3:1 solution of methanol and acetic acid. Cell suspensions were made of individual larvae in 50% acetic acid by gentle mincing with a fine-tipped glass bar. The suspensions were spread on slides and heated with flame followed by staining in 14% Giemsa (Riedel-de Haën, Germany) for 45 min. Chromosome counting and evaluation was done at 1,0009 magnification on each slide (ten larvae were randomly chosen from each treatment, and five slides per larvae were prepared) using a Zeiss Primo star microscope. Photographs of spreads were taken with a Canon Power Shot 400 digital camera connected to the microscope (Fig. 1) . Larvae with chromosome numbers between 56 and 84 were counted as triploids (3n = 84) and larvae with 56 chromosomes were considered diploids (2n = 56) (Miskolczi et al. 2005) .
Each juvenile fish was fed with 240-300 Artemia nauplii per day distributed over three feeding periods. One day after feeding, juveniles from each of the two treatment groups (shocked and unshocked) were transferred to 26-l glass aquaria filled with 16 l water (3 aquaria per treatment; 26 juveniles per tank). Over a 3-day acclimation period, any mortalities resulting from handling were replaced with fish of the same size and weight. After 12 days, food was changed to granular commercial food (35% protein, 5% fat, 10% ash, 5% fiber, 10% moisture and 35% carbohydrate ? minerals ? vitamins) over a 2-day period, fed at a rate of 10% of body weight per day, which was gradually reduced to 5%. Regular daily water changes (10-20%) and weekly complete water changes were done for all tanks. On each day, mortalities were recorded, fish were counted, and any fish reduction other than mortality was attributed to cannibalism. To control potential effects of fish density on growth, cannibalism and mortalities, water volumes were reduced proportionally with decrease in the number of fish.
At the end of the experiment (60 days after absorption of yolk sac), total length and weight were measured for each individual and rates of cannibalism and mortality were calculated for each replicate. Fish were killed by clove-oil overdosing, and a blood drop (obtained by puncture of caudal vein) was smeared on a slide followed by fixation in methanol for 5 min and staining with 10% Giemsa for 30 min. Ploidy was assessed from each slide observed under a microscope (Zeiss) equipped with a camera (Diagnostic Instruments, Inc.) using Spot Advanced (V. 4.0.9) software to measure erythrocyte cells and nuclei for ten erythrocytes per sample. Data on fish lengths and weights were compared between triploid and diploid fish by ANOVA (SAS V. 9.1). Replicate tanks were nested within treatment but proved not significantly different within each treatment, so fish were treated as the unit of replication. Other measures (percentage mortality, percentage cannibalism, and erythrocyte characteristics [such as cell length, width, area; nucleus length, width, area; ratio of nucleus area to cell area]) were compared between triploids and diploids by one-way ANOVA. Data were tested for normality (Shapiro-Wilk test; Statistix V. 8) and log-transformed where necessary (i.e., weights).
Results
Hatch rate of non-shocked eggs was 76% (n = 85) and that of shocked eggs was 42% (n = 89). All the ten larvae of the cold-shocked group tested for chromosomal verification were triploid (Fig. 1 ).
There were no significant differences between the triploid and diploid groups in initial total length and weight (data not shown). At the end of the experiment (63 days after feeding commenced, 66 days post fertilization), mean weight and length (±standard error) of diploids (n = 32) were 2.56 (±0.19) g and 7.21 (±0.17) cm, respectively. Comparable measures for triploids (n = 41) were 2.11 (±0.25) g and 6.42 (±0.23) cm, respectively. Triploids were significantly shorter than diploids (11%) and weighed 18% less on average. Mean mortality in the triploid group was 2.1 ± 0.4% compared to 1.2 ± 0% in the diploid group (n = 78 for each group). The rate of cannibalism was 17.52 ± 1.5% in the triploid group and 14.95 ± 2.1% in the diploid group. However, no significant difference was observed in either total mortality or numbers lost due to cannibalism.
Sizes of erythrocytes in diploid and triploids are presented in Table 1 . Triploid erythrocytes were elongated relative to the normal spherical shape of diploid erythrocytes (Fig. 2) . Triploid erythrocytes were 38% larger than diploid erythrocytes and had nuclei 25% larger (Table 1) .
Discussion
In our study, the lower hatch rate of triploid eggs compared to that of diploids could be related to adverse effects of thermal shocks on membrane fluidity, RNA/DNA synthesis, cell shapes and protein functions (Hildebrandt et al. 2002; Al-Fageeh and Smales 2006) . This study showed significantly poorer growth during the first 66 days of triploid life than that of diploid C. gariepinus. This result differs from that of Henken et al. (1987) , who showed no significant difference between the growth rates of diploid and triploid C. gariepinus (with the same triploidy induction protocol used in this study) between days 163 and 216 of their life. The difference between studies may be related to the different time periods examined. A number of studies have shown that diploids usually grow faster than triploids before the onset of maturation, but after that triploids show better growth performance (Thorgaard and Gall 1979a; Felip et al. 2001) .
To our knowledge, ours is the first study to examine the incidence of cannibalism among triploid fish of the same age. Our results showed that during the life-stage in which cannibalism occurs most frequently in C. gariepinus, there was no significant difference between diploid and triploid fish. Although triploid fish are not considered as genetically modified organisms (Piferrer et al. 2000) , they are chromosomally manipulated organisms and the effects of this extra set of chromosomes on behavior in general and cannibalism specifically are unknown. Thibault (1974) demonstrated the effects of genetic modification on filial cannibalism by hybridizing the highly cannibalistic Poeciliopsis monacha (M) Lima and Vrijenhoek (1996) also showed lower rates of filial cannibalistic behavior in natural diploid hybrids P. monacha-lucida (ML) compared to the highly cannibalistic P. monacha (MM). Similar to a number of other fish species examined, red blood cells in African catfish are larger in size in triploid fish than that of diploid fish. Moreover, triploid red blood cells have a distinct oval shape that makes them readily distinguishable from normal diploid cells. These morphological characteristics provide a simple indicator of ploidy in this species. Other studies have not examined the morphology of erythrocytes in triploid African catfish, but Najiah et al. (2008) reported a nuclear area/cell area ratio of 0.18 ± 0.64 (mean ± SD) for normal diploid Clarias sp., which is very similar to our observation of 0.18 (diploid).
In summary, this study has shown that while triploid African catfish grow more slowly than diploids in the first two months of life, they show no reduction in survival post hatch and no increase in the rate of cannibalism. In addition, they are readily distinguishable from diploids by their larger, oval-shaped erythrocytes.
